ABSTRACT. We investigated the plasma hypersensitive C-reactive protein (hs-CRP), oxidized low-density lipoprotein (ox-LDL), and apelin levels in patients with hypertensive heart disease (HHD) plus coronary artery disease (CAD). Patients with hypertension hospitalized in Xuzhou Central Hospital were categorized into the HHD group and the HHD plus CAD group; 40 healthy subjects served as the control group. hs-CRP expression was determined with chemiluminescence. The expression of ox-LDL and apelin was analyzed with enzymelinked immunosorbent assay. HHD was chiefly responsible for left atrial enlargement (P < 0.05) and left ventricle diastolic function insufficiency (P < 0.05). hs-CRP and ox-LDL were significantly higher in the HHD group than in the control group (P < 0.05). Compared with the control and HHD groups, significant increases in hs-CRP and ox-LDL levels were observed in the HHD plus CAD group. Apelin expression significantly decreased in the HHD group compared with that in controls (P < 0.05). Meanwhile, apelin expression significantly decreased in the HHD plus CAD group compared with that in the HHD (P < 0.05) and control (P < 0.05) groups. Logistic regression analysis for the binomial response variable indicated that high systolic pressure/diastolic pressure, increase in hs-CRP level, and decrease in apelin concentration were the risk factors for hypertension and cardiac impairments. HHD plus CAD has a greater influence on cardiac function than HHD alone. Increased inflammation and oxidative stress, as well as decreased secretion of cardiac protective factors, may be associated with the simultaneous onset of HHD and CAD.
INTRODUCTION
Hypertension, a chronic medical condition of elevated blood pressure in the arteries, has been considered one of the most frequently reported cardiovascular diseases. Coronary artery disease (CAD), one of the most hazardous complications of hypertension, has caused great threat to public health. Data from population monitoring show that the annual morbidity of CAD events is 50/100,000, with an increasing tendency in recent years (Writing Group of 2010 Chinese Guidelines for the Management of Hypertension, 2011). Long-term increase in blood pressure may lead to changes in heart structure and diastolic/ systolic functions. In patients with hypertension and CAD, cardiac function impairments may deteriorate.
In this study, we aimed to compare the concentrations of plasma hypersensitive Creactive protein (hs-CRP), oxidized low-density lipoprotein (ox-LDL), and apelin levels in patients with hypertensive heart disease (HHD), and those with HHD plus CAD. Accordingly, the impairments in cardiac target organs induced by these factors were investigated from the viewpoints of inflammatory reactions, oxidative stress, and cardiac protective factors. Our study can provide certain theoretical basis for the early prevention and treatment of hypertension plus CAD.
MATERIAL AND METHODS
Patients with hypertension hospitalized in the Department of Cardiology in Xuzhou Central Hospital from April 2012 to September 2012 were enrolled in this study. All patients signed the informed content form. This study was approved by the Ethics Committee of Xuzhou Central Hospital. The inclusion criteria were as follows: patients with a history of hypertension and patients who were finally evaluated as having hypertension during hospitalization in our hospital. The exclusion criteria included the following: patients with secondary hypertension, hypertrophic cardiomyopathy, and dilated cardiomyopathy, and those with myocardial diseases with definite causes. The diagnosis of hypertension was based on the National Guide to Prevention and Treatment of Hypertension in 2010 (Writing Group of 2010 Chinese Guidelines for the Management of Hypertension, 2011): systolic pressure ≥140 mmHg (1 mmHg = 0.133 kPa) and/or diastolic pressure ≥90 mmHg at rest, or definite medical records for hypertension and current administration with antihypertensive drugs. HHD was diagnosed by combining these find-ings with medical records for hypertension, symptoms and physical signs of the patients, electrocardiogram, chest radiograph, and cardiac ultrasound cardiogram. CAD is diagnosed according to the diagnostic criteria of the American Heart Association/American College of Cardiology established in 2008 (Krumholz et al., 2008) . Specifically, coronary arteriography should confirm that at least one coronary artery in the three major coronary arteries, i.e., left anterior descending branch, left circumflex coronary artery, and right coronary artery, showed a stenosis with an internal diameter >50%. Diabetes is diagnosed using the criteria of the European Diabetes Association in 2007 (Ryden et al., 2007) : fasting venous blood sugar ≥7.0 mM and/or venous blood sugar ≥11.1 mM at 2 h after meals, or definite medical records for diabetes or current administration with hypoglycemic agents.
Before the study, general patient information was collected, including age; gender; smoking; mean systolic pressure/diastolic pressure; complications such as diabetes, hyperlipidemia, atrial fibrillation, CAD, renal impairments, and HHD; as well as drug medication.
The number of diseased coronary arteries was calculated according to the previous description by Melvin Paul Judkins. Briefly, the characteristics of the patients were determined in terms of the location and degree of luminal narrowing, a limitation of the conventional angiographic classification of patients into subgroups of those having single-, double-, and triple-vessel coronary diseases.
The diagnostic parameters for the ultrasound cardiogram of HHD are discussed as follows. The parameters for the changes in cardiac structure included i) left atrial enlargement: anteroposterior diameter of the left auricle ≥35 mm; ii) left ventricular enlargement: left ventricle diastasis diameter ≥55 mm in male patients and ≥50 mm in female patients; iii) left ventricular hypertrophy: thickness of the interventricular septum and/or left ventricular posterior wall ≥12 mm. The parameters for cardiac function included the following: i) decreased diastolic function of the left ventricle: abnormal mitral ratio of peak early to late diastolic filling velocity (E/A ratio); ii) decreased systolic function of the left ventricle: left ventricular ejection fraction ≤45%.
For plasma level detection, blood samples were collected in a fasting state the morning after hospitalization. The hs-CRP content was determined using the kits purchased from Maglumi Co., Ltd. (Shenzhen, China), strictly following manufacturer instructions. The ox-LDL and apelin levels were determined using an enzyme-linked immunosorbent assay according to manufacturer instructions provided by Mercodia Inc. (Uppsala, Sweden) and Phoenix Pharmaceuticals Inc. (Belmont, CA, USA).
All data are reported as means ± SD. The data were analyzed using the SPSS13.0 statistical software (SPSS Inc., Chicago, IL, USA). The Student t-test was carried out for the interclass comparison between two samples, and variance analysis was carried out for the interclass comparison among multiple samples. The qualitative data were represented by total case number and percentage. The chi-square test was carried out for the interclass comparison. Single-factor logistic regression analysis was performed to identify the risk factors for patients with hypertension and complicated impairments in the cardiac target organs. P < 0.05 demonstrated statistical difference. Table 1 summarizes the patient information. In this study, 1148 hospitalized patients (628 men, 520 women) with hypertension were enrolled. The age of patients for investiga-tion was 33 to 93 years (mean, 66.78 ± 11.42 years). The median age was 63 years, and the oldest age was 60 years. Interclass comparison indicated that the percentage of left atrial enlargement in the patients with HHD was higher than that of left ventricular enlargement, followed by that of left ventricular hypertrophy (P < 0.05). Meanwhile, the percentage of left ventricle diastolic function insufficiency was higher than that of left ventricle systolic function insufficiency (P < 0.05). SBP = systolic blood pressure; DBP = diastolic blood pressure; CHD = coronary heart disease; CAD = coronary artery disease; HHD = hypertensive heart disease; LAE = left atrial enlargement; LVE = left ventricular enlargement; LVH = left ventricular hypertrophy. a P < 0.05 compared with the LAE and LVE groups. b P < 0.05 compared with the left ventricular diastolic dysfunction group.
RESULTS
Patients with hypertension were divided into two groups: those with or without HHD. No statistical difference was noted in age, gender percentage, and systolic pressure/ diastolic pressure between the two groups (P > 0.05). However, the morbidities of diabetes, hyperlipidemia, renal impairments, and CAD showed a significant increase in patients with HHD (P < 0.05). Patients with triple-vessel CAD (66.27%) accounted for >50%, whereas the percentages of patients with single-or double-vessel CAD were relatively lower. Patients with hypertension not complicated with HHD mostly had single-or double-vessel CAD, and the percentage of patients with triple-vessel CAD was very low. The proportion of patients treated with angiotensin-converting enzyme inhibitor/angiotensin II receptor antagonist (ACEI/ARB), antiplatelet drugs, statins, and sugar-reducing therapy was higher in the HHD group than in hypertension patients without HHD (P < 0.05; Table 2 ).
Patients with HHD (N = 220), after excluding those with diabetes, hyperlipidemia, atrial fibrillation, renal impairments, and smoking, were divided into the following groups: HHD (N = 24) and HHD plus CAD (N = 35). Furthermore, 40 healthy individuals evaluated in the physical examination center of our hospital during the same period were included as Molecular markers in patients with HHD plus CAD HHD = hypertensive heart disease; SBP = systolic blood pressure; DBP = diastolic blood pressure; CHD = coronary heart disease; CAD = coronary artery disease; ACEI/ARB = angiotensin-converting enzyme inhibitor/angiotensin II receptor antagonist.
the control group. hs-CRP and ox-LDL levels were significantly higher in the HHD group than in the control group (P < 0.05). Compared with the control group and the HHD group, a significant increase in the hs-CRP and ox-LDL levels was observed in the HHD plus CAD group. The expression of apelin showed a significant decrease in the HHD group compared with that in the control group (P < 0.05). Meanwhile, a significant decrease in apelin level was identified in the HHD plus CAD group compared with that in the HHD group (P < 0.05) and control group (P < 0.05). Logistic regression analysis for the binomial response variable showed that relatively high systolic pressure/diastolic pressure, increase in hs-CRP, and decrease in apelin level were all risk factors for hypertension and cardiac impairments (Tables 3 and 4) . HHD = hypertensive heart disease; CHD = coronary heart disease; SBP = systolic blood pressure; DBP = diastolic blood pressure; hs-CRP = hypersensitive C-reactive protein; ox-LDL = oxidized low-density lipoprotein. 
DISCUSSION
Hypertension is a progressive vascular syndrome characterized by continuous increase in arterial blood pressure. It is one of the major risk factors for cardiovascular diseases and is always complicated with multiple risk factors, impairments in target organs, or clinical diseases (Tsai, 2011) . In our study, 1148 patients with hypertension were enrolled. The complications of the patients with hypertension in the present study included diabetes, hyperlipidemia, atrial fibrillation, renal impairments, CAD, and HHD, among which the morbidity of HHD (65.85%) was significantly higher than that of the other diseases. The impairments of cardiac target organs caused by hypertension were characterized by left ventricular hypertrophy and decreased compliance at the relaxation period, which was induced by the increase in the burden to the heart after hypertension and was always complicated with left atrial enlargement. If the blood pressure is not well controlled in the long term, it may further develop into left ventricular enlargement and become complicated with systolic function inadequacy, which may affect the cardiac ejection functions. Based on these factors, the 1148 patients in the present study were divided into groups of those with hypertension with or without HHD. No statistical difference was noted in age and systolic pressure/diastolic pressure between the two groups. However, the morbidities of diabetes, hyperlipidemia, renal impairments, and CAD significantly increased in patients with hypertension combined with HHD. Patients with triple-vessel CAD (66.27%) accounted for >50%, whereas the percentages of patients with single-or double-vessel CAD were relatively lower. The percentages of patients treated with ACEI/ARB, antiplatelet drugs, statins, and sugar-reducing therapy in the group complicated with HHD were higher than those in the group not complicated with HHD.
The results indicated that the risks for cardiovascular events in the group complicated with HHD were significantly higher after comprehensive evaluations for cardiovascular risk factors, impairments of target organs, clinical complications, diabetes, and other aspects even if the blood pressures were at the same level. Many prospective cohort studies found that strong, continuous, and independent positive correlation can be found between blood pressure and CAD, and the risks for CAD began to increase when the systolic pressure was >115 mmHg (Gupta et al., 2012) . HHD is always complicated with coronary atherosclerosis and microangiopathy (Manios et al., 2009) , which may finally lead to cardiac failure, severe cardiac arrhythmias, and even sudden death. It was postulated from the data of the present study that besides blood pressure, other risk factors for cardiovascular events, including abnormalities in blood fat metabolism, family history of premature cardiovascular diseases, smoking history, abdominal obesity, hyperinsulinism, insulin resistance, impaired sugar tolerance on an empty stomach, hypercoagulable state, endothelial function disorder, decreased vascular compliance, and other comprehensive functions (Glasser et al., 2011) , were key factors leading to the aggravation of diffusive lesions in coronary arteries. Therefore, we speculated that these patients might benefit from a comprehensive intervention targeting the multiple risk factors.
hs-CRP plays an important role in predicting the risks for cardiovascular events such as acute coronary syndrome, myocardial infarction, apoplexy, and metabolism syndrome (Hamer et al., 2010) . After oxidation in vivo, LDL is metabolized to ox-LDL. ox-LDL can damage the integrity of the endothelium, allowing invasion of monocytes, LDL, and other components into the subendothelial layer, which may lead to atherosclerosis (Bzowska et al., 2012) . Furthermore, ox-LDL can also inhibit the production of nitric oxide and its biological activities, and induce abnormalities in the vasodilatation functions. The protective functions of apelin have been well defined in hypertension, myocardial hypertrophy, cardiac failure, myocardial ischemia-reperfusion injury (Rastaldo et al., 2011) , and other cardiovascular diseases. It can reduce peripheral circulation resistance and regular blood pressure by stretching blood vessels (Iturrioz et al., 2010) , prevent arteriosteogenesis (Shan et al., 2011) , improve vascular functions, and regulate water-salt balance (Roberts et al., 2009) . Additionally, it can also improve cardiac function by reinforcing cardiac contractility (Maguire et al., 2009) , limit oxidative stress, and inhibit cardiac muscle cell hypertrophy (Zhang et al., 2009 ) and apoptosis (Foussal et al., 2010) . A recent study on 232 patients with primary hypertension (PrzewlockaKosmala et al., 2011) indicated that the decrease in serum apelin level was closely related to disorders in the systolic/diastolic functions of the heart.
Among the 220 patients with HHD, after ruling out the interferences from diabetes, hyperlipidemia, atrial fibrillation, renal impairments, and smoking factors, the results showed that the hs-CRP and ox-LDL levels in the HHD group were significantly higher than those in the control group. In addition, significant increases were seen in the hs-CRP and ox-LDL levels in the HHD plus CAD group compared with those in the HHD and control groups. The apelin level in the HHD group was significantly lower than that in the control group. The apelin level was significantly lower in the HHD plus CAD group than in the HHD and control groups. Higher systolic pressure/diastolic pressure, upregulation of hs-CRP, and downregulation of apelin were the risk factors for hypertension and complicated cardiac impairments. This indicated that aggravation of inflammatory reactions and oxidative stress, together with the decrease in apelin level, contributed to the onset and progression of HHD. In the presence of CAD as a complication, changes in the levels of the factors mentioned above are further aggravated, which may provide important information for the diagnosis of the disease condition and the clinical outcome.
In conclusion, for the management of patients with cardiovascular diseases, the risk grade should first be evaluated to prevent the incidence of cardiovascular events. Patients with a greater number of risk factors such as diabetes, chronic renal diseases, cerebral apoplexy, arteriopathy, and peripheral arteriopathy should be given more attention (Tsai, 2011) . Concerning the treatments of hypertension, measures should be taken to reduce blood pressure, comprehensively evaluate the risk grades, and interfere with the risk factors. Moreover, more attention should be given to protecting target organs such as the heart, brain, and kidney. As the hs-CRP, ox-LDL, and apelin levels are closely related to the pathogenesis of primary hypertension, they can be used in the evaluation of pathogenesis in patients with hypertension. Our study provides a new concept for the prediction and diagnosis of hypertension and early screening of populations at high-risk for hypertensive diseases.
